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aBStract
Swim training is used in rats as an exercise model of cardioprotection, for skeletal muscle studies, for rehabilitation studies in 
muscle and neural atrophy. However, acute swimming is also used to induce psychological stress in rats in many studies. There is 
little data on the effect of long term swim training on the stress levels in rats. Male Wistar rats were randomly divided into sedentary 
(Sed) or exercised (Ex) groups. Ex groups were exercise trained by swimming for a period of 8 weeks, 5 days per week, starting at 5 
minutes per day and incrementally increasing to 60 minutes per day. At the end of the 8 weeks the open field test was performed 
and blood corticosterone levels were measured by RIA to determine whether the swim training protocol had any effects on stress 
behaviour and hormone levels of the rats. Neither the behavioural studies nor the corticosterone levels showed any increase above 
control levels in the groups investigated. Corticosterone levels for Sed (133.3 ± 37.1 ng/ml) and Ex (130.4 ± 30.1 ng/ml) groups 
were similar, and this was also reflected in the behavioural data collected. In our study, long term swim training did not elicit a 
physiological stress response in the rat model at the end of the 8 weeks training program. 
kEyWordS
Stress, long-term exercise, behavior, coticosterone, rat.
IntrodUctIon
For decades exercise has been described as both a preventative 
measure and a prophylactic for many diseases and ailments. 
Swim training (long term chronic swimming) has been used 
in rats as an exercise model to elicit a number of beneficial 
physiological and metabolic responses. It is used as it is an eas-
ily controllable way of determining duration and intensity of 
exercise in the rat. These physiological and metabolic benefits 
include enhancement of immunity[1], improved resistance to 
myocardial ischaemia and reperfusion damage[2, 3], improved 
recovery after spinal cord injury[4] and halting of the deleterious 
effects of aging[5, 6]. 
However, swimming has also been used to elicit stress 
responses in rats[7]. This stress is usually elicited by an acute 
forced swim session of between a few minutes to half an 
hour[8]. Psychological stress (e.g. foot shock, forced swim test) 
raises levels of corticosterone in the rat[9], which in turn leads to 
physiological changes that include increased myocardial infarct 
size[10], increased memory loss and cognition[11,12] and impaired 
immune response[13]. 
Long term exercise training has been shown to decrease 
corticosterone levels in Long Evans rats during[9] and directly 
after exercise[16], however there is, to our knowledge, no infor-
mation in the literature regarding the effect of long term swim 
training on the psychological or physiological stress response 
of the rat at rest. Thus we set out to determine whether chronic 
swim training had an effect on corticosterone levels or elicited 
a change in behaviour of rats in the open field.
MatErIalS and MEthodS
animal model
Male Wistar rats weighing between 200-220 g were used in all 
experiments. The project was approved by the CEAR (Commit-
tee of Experimental Animal Research) of the Faculty of Health 
Sciences, University of Stellenbosch and complied with the 
guidelines of the South African Medical Research Council for 
the humane use of laboratory animals. The rats were allowed 
free access to food (standard rat chow) and water, and main-
tained in the University of Stellenbosch (US) Central Research 
Facility at 22°C with a 12 hour day/night cycle. Adequate meas-
ures were taken to minimize pain or discomfort.
Swim training program
Each group was randomly divided into exercise trained and sed-
entary groups. Training comprised swimming at set times of the 
day, each day. Training duration was started at 5 minutes per day 
to minimize stress and was increased by 5 minutes increments 
each day to a maximum of 60 min per day. Rats were exercised 
for a minimum period of 8 weeks, 5 days per week in order to 
elicit metabolic changes[5, 14], with a 2 day recovery period in 
between. Water temperature was kept at 30°C for the duration 
of the swim session, and the rats were dried after swimming 
before being reintroduced into their housing cages. Rats were 
sacrificed 24 hours after the last bout of exercise and the hearts 
rapidly excised. 
Behavioural studies
The behaviour of the rats was documented the day before rats 
were sacrificed for the blood sample collection. Each rat was 
placed in the open field for 5 minutes to test for differences 
in anxious-like behaviour and activity. This was done 24 hours 
after the last bout of swimming exercise.
The open field test is designed to measure behavioural 
responses such as locomotor activity, hyperactivity, and ex-
ploratory behaviour. The open field is also used as a measure 
of anxiety. Rats tend to avoid brightly illuminated, novel, open 
spaces. Open field testing is a once off trial test with little or no 
impact on the animal’s subsequent behaviour. The apparatus for 
the open field test is a square enclosure (1 m by 1 m) made of 
black Perspex.
To analyze exploratory and locomotor activities as an indi-
cation of stress in the rat, animals were placed in the left rear 
quadrant of an open field. The number of line crossings and the 
total distance covered by the rat were measured over 5 minutes. 
These are classical measures of locomotor and exploratory ac-
tivities. The more time the rat spends in the inner zone of the 
open field, and the more exploratory the rat is, the less stressed 
it is perceived to be.
Each rat was placed individually in a corner of the field 
and its behaviour recorded for 5 minutes. All activity was re-
corded using a video camera mounted above the open field 
and scored later by an advanced motion-recognition software 
package (Noldus Ethovision version 3.1 software) that detects 
and analyzes the movements of the rat. The video image of the 
open field arena was partitioned into 36 equal-size squares; 24 
border squares and 12 centre zone squares. 
Total distance, average speed, and time spent in various parts 
of the field (e.g. the border areas vs. the open, middle area) were 
measured and analyzed. Testing was carried out in a tempera-
ture, noise and light controlled room. During the test procedure 
silence was maintained in the test room. The behavioural tests 
were performed from 1-1:30 pm daily to ensure that normal 
daily fluctuations in corticosterone, circadian rhythm and activ-
ity did not affect the results[15]. The rats were placed in a cage in 
the testing room an hour before the test in order for them to ac-
climatize to the new environment. The open field was cleaned 
with 70% ethanol after each rat had been tested. Each rat was 
tested individually and in a separate test room. Throughout the 
entire testing-session, the sequence of events and procedures 
was always the same and the test circumstances (handling, 
room-features, equipment used) were as standardised and con-
trolled as possible. The entire test procedure lasted approx. 20 
minutes per animal, and was recorded on videotape to allow 
analysis at a later time. Rats were sacrificed the following day 
and blood collected for analysis of corticosterone levels. 
corticosterone levels
Rats were sacrificed the day after the behaviour tests were per-
formed, 24 hours after the last bout of swimming. Blood was 
collected from the thoracic cavity, placed in BD VacutainerR se-
rum separation tubes and spun down at 2000 g for 10 minutes 
at 4ºC for separation of the serum. Serum was stored at -80ºC for 
later analysis. An ImmuChem Corticosterone 125I RIA kit (MP 
Biomedicals) was used to determine levels of corticosterone in 
the serum. 
rESUltS
distance covered in the open field
There were no differences in the average distance covered be-
tween the 2 groups of animals. Sedentary rats moved an average 
of 1657 ± 144.6cm in 5 minutes compared to Exercised (1810 
± 141.4cm) rats. See Table 1.
frequency of movement between inner and outer zones of the 
open field
No differences were found in the frequency of movement from 
the inner zone into the outer zone and vice versa. Values are 
given as number of crossings from the inner to the outer zone 
during a 5 minute period or from the outer to the inner zone 
during a 5 minute period.
Sedentary rats moved from the inner into the outer zone 9.5 ± 
1.3 times and Exercised rats crossed 13.5 ± 2 times during the 
5 minutes. See Table 1.
Sedentary rats moved from the outer to the inner zone 8.7 ± 1.3 
times and Exercised rats crossed 12.4 ± 1.9 times during the 5 
minutes. See Table 1. 
time spent in inner and outer zones of the open field
As with frequency of movement and distance traveled, there 
were no significant differences found in the time spent in the 
two zones between groups. Sedentary rats spent 27.44 ± 3.5 sec 
in the inner zone and 272 ± 3.4 sec in the outer zone. Exercised 
rats spent 42.0 ± 9.0 sec in the inner zone versus 257.8 ± 9.1 
sec in the outer zone. See Table 1. 
corticosterone levels 
Stress increases the levels of circulating corticosterone in the rat 
(the equivalent of cortisone in humans). Elevated levels of this 
hormone are indicative of stress in animals. 
The serum corticosterone levels were measured in each rat, to 
determine whether the swim training had any effects on stress 
levels in the animals at rest. Sedentary (133.3 ± 37.1 ng/ml) and 
Exercised (130.4 ± 30.1 ng/ml) rats had similar stress hormone 
levels in the rested state. See Figure 1.
Behavioural studies and blood corticosterone levels in these 
animals suggest that the swim training did not elicit a stress re-
sponse in these rats. 
dIScUSSIon
Contrary to the effects of acute swim stress on rats[16, 17], the long 
term chronic swim training elicited no stress response in rats 
at rest as reflected by either behaviour or corticosterone levels 
in our rats. The open field test is a measure of the amount of 
Table 1: Table to show parameters measured in the open field test to measure stress levels in behaviour of the rats. 
Sed (control sedentary rats), Ex (control exercised rats)
stressful behaviour displayed by the rats[18]. Although we found 
no significant differences in behaviour between the groups, the 
exercised group tended to move into the inner and outer zone 
and remain in the inner zone longer than sedentary group. Al-
though these differences were not significant, it suggests that 
they may have been less stressed than the other groups. 
Contarteze et al.[16] have shown that only acute swimming 
elicits elevations in the two stress hormones ACTH and cor-
ticosterone in rats post exercise. The forced swim test is used 
as a model of stress and depression in neurological studies[17] 
where rats are subjected to a once off swim for 15 minutes. 
It has been shown that during these tests, Wistar rats display 
more passive behaviour compared to other rat strains[17]. In 
our model, rats were acclimatized to the swim training, start-
ing with swim duration of 5 minutes per day and increasing 
the duration incrementally daily. Acute exposure to swimming 
rather than trained or chronic swimming has been shown to 
increase stress hormone levels in rats[19]. Stress was minimized 
during the initial training period since the aim of this study was 
to elucidate the effects of long term exercise, and by minimizing 
or eradicating the effects of compounded acute psychological 
and physiological stress, only one variable, exercise, could then 
be studied. Thus in conclusion, long term swim training did not 
increase corticosterone levels or stress behavior in rats.
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Figure 1: Serum corticosterone levels of exercised and sedentary groups. n = 10 per group
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